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(54) Automatic steering system for verhide 

(57) An automatic steering system for a vehicle is 
provided which includes a memory section for storing 
data for a steering angle of a wheel with respect to a dis- 
tance of movement of a vehicle in correspondence to 
four parking modes. If a desired parking mode is 
selected by a mode selecting switch and the vehicle is 
moved at a creep while depressing a brake pedal, a 
control section controls the operation of a steering actu- 
ator to perform automatic parking control. At this time, 
an object detector continuously detects the position of 
an object around or in the vicinity of the subject vehicle, 
and when there is an obstacle already existing within a 
locus of movement of the subject vehicle, or when there 
is a possibility that a moving obstacle may enter into the 
locus of movement of the subject vehicle, a warning is 
provided to a driver, and an automatic brake is oper- 
ated. Thus, it is possible to reliably perform the auto- 
matic parking control when there is an obstacle. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an automatic steer- 
ing system for a vehicle for garaging the vehicle without 
recourse to a steering by a driver. 

Description of the Prior Art 

Such automatic steering systems for vehicles are 
already known from Japanese Patent Application Laid- 
open No. 3-74256 and 4-55168. The automatic steering 
systems for vehicles utilize an actuator for a convention- 
ally well-known power steering device, and are 
designed so that back parking and linear parking are 
automatically controlled by controlling the actuator 
based on the relationship between a previously stored 
distance of movement of the vehicle and a steering 
angle. There is also an automatic steering system which 
is already known from Japanese Patent Application 
Laid-open No. 62-278477 and which is designed, so 
that a warning is provided if an obstacle is detected 
within a presumed locus of movement of the subject 
vehicle during a parking operation provided by a driver. 

If a warning device for emitting a warning by detect- 
ing an obstacle is combined with the automatic steering 
system for the vehicle, it is possible to further reliably 
carry out the automatic parking. In the warning device 
described in Japanese Patent Application Laid-open 
No. 62-278477, however, the warning is emitted imme- 
diately before contact of the vehicle with the object and 
hence, there is a possibility that the operation for keep- 
ing the vehicle from contacting the obstacle is not in 
time. In addition, if the warning is emitted during auto- 
matic parking, the parking operation is conducted again 
from the beginning, resulting in a troublesome opera- 
tion. 

The above known automatic steering system also 
suffers from the problem that the vehicle is moved from 
a start position through a previously stored locus of 
movement to a parking position and hence, if the start 
position is deviated, the parking position is also devi- 
ated. Additionally, the surrounding situation around the 
parking position (for example, the positions of other 
vehicles parked on left and right opposite sides and the 
like) is not taken into consideration and hence, a final 
parking position may deviate in some cases from an 
appropriate parking position depending upon the sur- 
rounding situation. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention 
to ensure that when there is one or more obstacles 
existing within a presumed locus of movement of a vehi- 



cle to be parked, or when the start position at which the 
automatic parking control is started has been deviated, 
automatic parking control can be reliably performed. 
To achieve the above object, according to a first 

5 aspect and feature of the present invention, there is pro- 
vided an automatic steering system for a vehicle, com- 
prising a steering actuator for steering the wheels 
based on the steering operation provided by a driver, a 
memory means for previously storing the locus of move- 
rs ment of the vehicle to a target position, a control means 
for controlling the steering actuator based on contents 
stored in the memory means in place of the steering 
operation by the driver, and an object detecting means 
for detecting an object near the vehicle. The automatic 

15 steering system further includes a determining means 
for determining the presence or absence of an object or 
obstacle which exists within the locus of movement, or 
which will become an obstacle in the locus of move- 
ment, based on an output from the object detecting 

so means, during the controlling of the steering actuator 
based on the contents stored in the memory means. 

With the above arrangement, a contact avoiding 
measure can be taken to prevent the vehicle from con- 
tacting with the obstacle during the automatic parking 

25 control. Moreover, when there is an obstacle already 
existing within the locus of movement of the subject 
vehicle at the start of the automatic parking control, the 
need for a wasteful execution of the automatic parking 
control is eliminated, leading to a saving of time. 

30 According to a second aspect and feature of the 
present invention, in addition to the first feature, the 
memory means stores the locus of movement of the 
vehicle as a steering angle of the wheel with respect to 
a distance of movement of the vehicle. 

35 With the second feature, the constant locus of 
movement can be ensured irrespective of the magni- 
tude of the vehicle speed during the automatic parking 
control. 

According to a third aspect and feature of the 
40 present invention, in addition to the first or second fea- 
ture, the automatic steering system further includes a 
notifying means for notifying a driver of the presence of 
an object, when the determining device determines that 
there is an object which becomes an obstacle. 
45 With the third feature, it is possible to urge the driver 
to conduct an operation for keeping the vehicle from 
contacting the obstacle. 

According to a fourth aspect and feature of the 
present invention, in addition to the first or second fea- 
50 ture, the automatic steering system further includes an 
automatic vehicle-stopping means for automatically 
stopping the vehicle when the determining means 
determines that there is an object which becomes an 
obstacle. 

55 With the fourth feature, it is possible to automati- 
cally avoid the contact of the vehicle with an object 
which becomes an obstacle. 

According to a fifth aspect and feature of the 
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present invention, in addition to the fourth feature, the 
vehicle includes an automatic transmission, and the 
operation of the automatic vehicle-stopping means is 
canceled by the operation of a brake input means by the 
driver, or by shifting the automatic transmission into a 5 
parking position. 

With the fifth feature, it is possible to prevent the 
vehicle from starting to be moved at the time when the 
operation of the automatic vehicle-stopping means is 
canceled. w 

According to a sixth aspect and feature of the 
present invention, in addition to any of the first to fifth 
features, the steered wheels are front and rear wheels. 

With the sixth feature, the vehicle is capable of a 
small sharp turn and hence, can be easily parked in a 15 
narrow area. 

According to a seventh aspect and feature of the 
present invention, in addition to the first feature, the 
automatic steering system further includes a correcting 
means for correcting the contents stored in the memory 20 
means, when the determining means determines that 
there is an object which becomes an obstacle. 

With the seventh feature, the locus of movement of 
the vehicle can be corrected in accordance with the 
deviation of the start position of the automatic parking 25 
control and with the situation of a surrounding obstacle 
around the parking position, whereby the vehicle can be 
reliably parked at an appropriate position. 

According to an eighth aspect and feature of the 
present invention, in addition to the seventh feature, the 30 
correcting means corrects the relationship of the steer- 
ing angle of the wheels to the distance of movement of 
the vehicle stored in the memory means. 

With the eighth feature, it is possible to easily and 
reliably perform the correction of the locus of movement 35 
of the vehicle. 

According to a ninth aspect and feature of the 
present invention, in addition to the seventh feature, the 
steered wheels are front and rear wheels, and the mem- 
ory means stores a first locus of movement when one of 40 
the front and rear wheels is steered, and a second locus 
of movement when both of the front and rear wheels are 
steered. 

With the ninth feature, it is possible to properly use 
the automatic parking control in a two-wheel steered 45 
state and the automatic parking control in a four-wheel 
steered state depending upon the deviation of the start 
position at which the automatic parking control is 
started, and the situation around the parking position. 

According to a tenth aspect and feature of the so 
present invention, in addition to the ninth feature, the 
first or second locus of movement is selected based on 
the result of the determination in the determining 
means. 

With the tenth feature, it is possible to properly use 55 
the automatic parking control in the two-wheel steered 
state and the automatic parking control in the four- 
wheel steered state depending upon the deviation of the 



start position at which the automatic parking control is 
started, and the situation around the parking position, 
which is determined by the determining means. 

The above and other objects, features and advan- 
tages of the invention will become apparent from the fol- 
lowing description of the preferred embodiments taken 
in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 to 5 illustrate a first embodiment of the 
present invention, wherein: 

Fig. 1 is an illustration of the entire arrangement of 
a vehicle equipped with a steering control unit. 
Fig. 2 is an illustration for explaining the positional 
relationship between a vehicle, obstacles and a 
parking position. 

Figs. 3A to 3C are illustrations for explaining the 
operation in a back parking/left mode. 
Fig. 4 is an illustration for explaining the operation 
when there is an obstacle within the locus of move- 
ment of the vehicle. 

Fig. 5 is an illustration for explaining the operation 
when an obstacle enters into the locus of move- 
ment of the vehicle. 

Figs. 6A to 6C are illustrations similar to Figs. 3A to 
3C, but according to a second embodiment of the 
present invention. 

Figs. 7 to 8C illustrate a third embodiment of the 
present invention, wherein: 

Fig. 7 is an illustration of the entire arrangement of 
a vehicle equipped with a front and rear wheel- 
steering control unit. 

Figs. 8A to 8C are illustrations for explaining the 
operation. 

Figs. 9 to 16 illustrate a fourth embodiment of the 
present invention, wherein: 

Fig. 9 is an illustration of the entire arrangement of 
a vehicle equipped with a steering control unit. 
Fig. 10 is an illustration for explaining the operation 
in a back parking/left mcxte. 

Fig. 11 is an illustration for explaining the operation 
in the back parking/left mode in which the correc- 
tion of the locus of movement is carried out. 
Figs. 12A and 12B are illustrations for explaining a 
method for determining an optimal parking position 
in the back parking/left mode. 
Fig. 13 is an illustration for explaining the operation 
for the correction of the locus of movement. 
Fig. 14 is an illustration for explaining the operation 
in a linear parking/left mode. 
Fig. 15 is an illustration for explaining the operation 
in the linear parking/left mode in which the correc- 
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tion of the locus of movement is carried out. 
Figs. 16A and 16B are illustrations for explaining a 
method for determining an optimal parking position 
in the linear parking/left mode. 

Figs. 17A and 17B and Figs. 18A and 18B illustrate 
a fifth embodiment of the present invention, wherein: 

Figs. 17A and 17B are illustrations for explaining 
the operation in a back parking/left mode. 
Figs. 18A and 18B are illustrations for explaining 
the operation in a linear parking/left mode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention will now be described by way 
of particular embodiments with reference to the accom- 
panying drawings. 

A first embodiment of the present invention will be 
described with reference to Figs. 1 to 5. 

Referring to Fig. 1, a vehicle V includes a pair of 
front wheels Wf, Wf and a pair of rear wheels Wr, Wr. A 
steering wheel 1 and the front wheels Wf, Wf are inter- 
connected by a steering shaft 2 rotated in unison with 
the steering wheel 1 , a pinion 3 provided at a lower end 
of the steering shaft 2, a rack 4 meshed with the pinion 
2, left and right tie rods 5, 5 provided at opposite ends of 
the rack 4, and left and right knuckles 6, 6 connected to 
the tie rods 5, 5. A steering actuator 7 having an electric 
motor is connected to the steering shaft 2 through a 
worm gear mechanism 8, in order to assist in the oper- 
ation of the steering wheel 1 by a driver, or to conduct 
automatic steering for garaging of the vehicle (which will 
be described hereinafter). 

A steering control unit 21 is comprised of a control 
section 22, a memory section 23 and a determining sec- 
tion 24. Inputted to the control section 22 are signals 
from a steering angle detecting means S 1 for detecting 
a steering angle 6 of the front wheels Wf, Wf based on 
a rotational angle of the steering wheel 1 , a steering 
torque detecting means S 2 for detecting a steering 
torque of the steering wheel 1, front wheel rotational 
angle detecting means S 3 , S 3 for detecting rotational 
angles of the left and right front wheels Wf, Wf, a brake 
operation detecting means S 4 for detecting the opera- 
tion (operational amount or amount of movement) of a 
brake pedal 9, a shift position detecting means S 5 for 
detecting the shift position selected by a select lever 10 
(a "D" position, an "R" position, an "N" position, a "P* 
position or the like), and eight object detecting means 
S 6 mounted at a front portion, a central portion and a 
rear portion of the vehicle V. The object detecting 
means S 6 may be any known sonar or radar system. 
Lines connecting the eight object detecting means S 6 
and the control section 22 are not shown for the pur- 
pose of preventing the complication of the drawings. 

Further, a mode selecting switch S 7 and an auto- 



matic parking start switch S 8 operated by the driver, are 
connected to the control section 22. The mode selecting 
switch S 7 is operated to select any of four parking 
modes: a back-parking/right mode, a back-parking/left 
mode, a linear parking/right mode, and a linear park- 
ing/left mode. The automatic parking start switch S 8 is 
operated to start automatic parking in any mode 
selected by the mode selecting switch S 7 . 

Data for the four parking modes, i.e., relationships 
of reference steering angles Oref to distances X of 
movement of the vehicle V are previously stored as a 
table in the memory section 23. The distance X of 
movement of the vehicle V, is calculated by multiplying 
the known peripheral length of the front wheel Wf by a 
rotational angle of the front wheel Wf detected by the 
front wheel rotational -angle detecting means S3. Either 
one of a high-select value and a low-select value output- 
ted from the pair of left and right front wheel rotational- 
angle detecting means S 3 , S 3 , and an average value of 
the high-select value and the low-select value is used 
for the calculation of the movement distance X. 

The control section 22 controls the operation of the 
steering actuator 7, the operation of a brake actuator 12 
(e.g., a hydraulic actuator for controlling the operations 
of brake cylinders for the front wheels Wf, Wf and the 
rear wheels Wr, Wr), and the operation of an operational 
stage display device 1 1 having a liquid crystal monitor, 
based on the signals from the detecting means S<\ to S 6 
and the switches S 7 and S 8 , the data for the parking 
modes stored in the memory section 23 and the pres- 
ence or absence of an obstacle determined in the deter- 
mining section 24. The operational stage display device 
11 is provided with a speaker for providing a voice 
instruction to the driver. 

The operation of the embodiment of the present 
invention having the above-described arrangement will 
be described below. 

When the vehicle is in a usual state in which the 
automatic parking is not carried out (when the auto- 
matic parking start switch S 8 is not in an ON state), the 
steering control unit 21 functions as a regular power- 
steering control unit. More specifically, when the steer- 
ing wheel 1 is operated by the driver to turn the vehicle 
V, the steering torque detecting means S 2 detects the 
steering torque inputted to the steering wheel 1 , and the 
control section 22 of the steering control unit 21 drives 
the steering actuator 7 based on the steering torque. As 
a result, the left and right front wheels Wf, Wf are 
steered by the driving force from the steering actuator 7, 
whereby the steering operation by the driver is assisted. 

The operation when the vehicle is in a situation as 
shown in Fig. 2 and is automatically parked, will be 
described with the back parking/left mode (the mode in 
which the parking is performed while the vehicle is 
being moved backwards to a parking position lying on 
the left side of the vehicle), as an example. 

First, when the vehicle is close to a parking posi- 
tion, the driver operates the mode selecting switch S 7 to 
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select the back parking/left mode, and picture images 
around the subject vehicle made based on the signals 
from the eight object detecting means S 6 , are projected 
on the operational stage display device 1 1 . Specifically, 
Fig. 3A shows the picture images on the operational 5 
stage display device 1 1 corresponding to Fig. 2. Shown 
in Fig. 3A are the picture images of two parked vehicles 
which are obstacles, the position of the subject vehicle 
shown by •, a parking position shown by Vi. a shifting 
position (a position at which the forward movement of 
the vehicle is switched over to the backward movement) 
shown by O » anc * a presumed path of movement of the 
subject vehicle from the position of the subject vehicle 
via the shifting position to the parking position. Further, 
the words "back parking/left" which is a selected mode 
and the words "forward movement" which is a current 
stage, are indicated on the operational stage display 
device 11. 

When the automatic parking start switch S 8 is 
turned ON, an instruction "move the vehicle forwards 
slowly" is emitted from the speaker connected to the 
operational stage display device 11 by the voice. When 
the driver loosens the brake pedal 9 to move the vehicle 
in a forward creep travel, the front wheels Wf, Wf are 
automatically steered based on the data for the back 
parking/left mode selected by the mode selecting switch 
S 7 , even if the driver does not operate the steering 
wheel 1. 

More specifically, the control section 22 calculates 
a deviation E = (Oref - e) based on the reference 
steering angle Oref in the back parking/left mode read 
out from the memory section 23 and the steering angle 
e inputted from the steering angle detecting means S-j, 
and controls the operation of the actuator 7, so that the 
deviation E is equal to 0. At this time, data for the refer- 
ence steering angle Gref is set in correspondence to the 
distance X of movement of the vehicle and hence, even 
if there is a variation in vehicle speed in the creep travel, 
the vehicle is always moved on the locus of movement. 

When the vehicle approaches the shifting position, 
the current stage indicated on the operational stage dis- 
play device 1 1 is changed from "forward movement" to 
"preparation for backward movement", and an instruc- 
tion "make a preparation for backward movement" is 
emitted from the speaker by the voice, as shown in Fig. 
3B. When the vehicle has reached the shifting position 
and the driver stops the vehicle and operates the select 
lever 10 from the "D" position to the "R" position, the 
current stage indicated on the operational stage display 
device 1 1 is changed from "preparation for backward 
movement" to "backward movement", and an instruction 
"move the vehicle backwards slowly" is emitted from the 
speaker by the voice, as shown in Fig. 3C. 

When the driver loosens the brake pedal 9 based 
on the instruction from the speaker, the vehicle is moved 
in a backward creep travel along the locus of movement. 
Even in the case of the backward creep travel, the front 
wheels Wf, Wf are automatically steered based on the 



data for the back parking/left mode, even if the driver 
does not operate the steering wheel 1 , as in the above- 
described forward creep travel. When the vehicle has 
reached the parking position, the driver depresses the 
brake pedal 9 to stop the vehicle based on the instruc- 
tion from the speaker, and operates the select lever 10 
from the "FT position to the *P" position, thereby com- 
pleting the automatic parking control. 

The automatic parking control by the above- 
described steering control device 21 is canceled when 
the driver turns OFF the mode selecting switch S 7 . Fur- 
ther, in the following cases (1) to (3) in addition to the 
above case, the automatic parking control is canceled 
and restored to the usual power-steering control. 

(1) When the driver has released his foot from the 
brake pedal 9; 

(2) When the driver has operated the steering 
wheel 1 ; and 

(3) When any of the object detecting means S 6 has 
detected an obstacle. In the case (3), an automatic 
brake is operated to prevent the vehicle from com- 
ing into contact with an obstacle. 

The case (1) when the driver has released his foot 
from the brake pedal 9 will be first described. The auto- 
matic parking control is carried out while the driver is 
depressing the brake pedal 9 to conduct a creep or very 
slow driving condition. Therefore, when the driver has 
discontinued the braking operation, i.e., when the driver 
has released his foot from the brake pedal 9 to provide 
an operational amount detected by the brake operation 
detecting means S 4 which is equal to 0, or to provide a 
braking force low enough so that creeping has stopped, 
the automatic parking control is canceled and restored 
to the regular power-steering control. 

In this way, by permitting the automatic parking con- 
trol only in the state of a small amount of brake opera- 
tion in a stage in which the driver has his foot on the 
brake pedal 9, the brake operation can be conducted 
without retard, when the driver has found an obstacle by 
himself during the automatic parking control and tries to 
stop the vehicle. When the driver has abandoned the 
parking and depresses the accelerator pedal during the 
automatic parking control, the automatic parking control 
is canceled when the driver releases his foot from the 
brake pedal 9 and hence, the need for the driver to turn 
the OFF the mode selecting switch S 7 is eliminated, 
leading to an enhanced operability. 

Next, the case (2) when the driver has operated the 
steering wheel 1 will be described. During the automatic 
parking control, it is unnecessary for the driver to oper- 
ate the steering wheel 1 . but the driver may be putting 
on his hands on the steering wheel 1 to provide for an 
emergency. When the driver has found an obstacle or 
the like during the automatic parking control and has 
operated the steering wheel 1 to keep away from the 
obstacle, the automatic parking control is canceled 
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upon detection of a steering torque equal to or larger 
than a predetermined value by the steering torque 
detecting means S 2 . In this way, by canceling the auto- 
matic parking control when the driver has operated the 
steering wheel 1 , the interference between the driver's 5 
operation to keep away from the obstacle and the auto- 
matic parking control, is prevented and thus, it is possi- 
ble to smoothly keep away from the obstacle. 

Finally, the case (3) when any of the object detect- 
ing means S 6 has detected an obstacle will be 10 
described. By detecting continuously an obstacle 
present around the vehicle by any of the eight object 
detecting means S 6 , it is determined by the determining 
section 24 whether there is an already existing obstacle 
stopped within a locus of movement of the vehicle. Fur- 15 
ther, with regard to a moving object such as a small ani- 
mal, it is determined whether there is a possibility that 
the presumed locus of movement of the object may 
enter the locus of movement of the subject vehicle and 
thus become an obstacle. 20 

Fig. 4 illustrates a case where a portion of one of 
two vehicles parked protrudes into the locus of move- 
ment of the subject vehicle to thereby become an obsta- 
cle, at the start of the automatic parking control. In this 
case, the driver is informed that "there is an obstacle 25 
within the presumed locus of movement" by a voice 
from the speaker and at the same time, an area of inter- 
ference of the subject vehicle and the obstacle is indi- 
cated on a picture surface of the operational stage 
display device 1 1 , for example, by flashing-on/off, and 30 
the words "there is an obstacle within the locus of move- 
ment" indicated on the picture surface. In this case, it is 
obvious that the automatic parking control is not feasible 
due to the presence of the obstacle at a stage before 
the execution of the automatic parking control and 35 
hence, the need for a wasteful execution of the auto- 
matic parking control is eliminated, leading to a saving 
of time. 

Fig. 5 illustrates a case where there is a possibility 
that a small animal or the like enters the locus of move- 40 
ment of the subject vehicle during the backward move- 
ment in the automatic parking control to become an 
obstacle. In this case, the driver is informed to "be care- 
ful because an obstacle is close to the subject vehicle" 
by a voice from the speaker, and at the same time, the 45 
area in which there is a possibility of interference 
between the subject vehicle and the obstacle is indi- 
cated on the picture surface of the operational stage 
display device 1 1 , for example, by flashing-on/off, and 
the words "the obstacle is close to the subject vehicle" so 
indicated on the picture surface. 

When the determining section 24 has determined 
that there is a possibility of interference between the 
subject vehicle and the obstacle, the brake actuator 12 
is operated by a command from the control section 22 to 55 
automatically stop the vehicle and at the same time, the 
automatic parking control is canceled. When the driver 
spontaneously acts to keep away from the obstacle by 



canceling the automatic parking control by the detection 
of the obstacle in the above manner, interference 
between the operation for keeping away from the obsta- 
cle and the automatic parking control is prevented. 

When the automatic brake has been operated in 
the above manner, the operation of the automatic brake 
is canceled when the driver spontaneously depresses 
the brake pedal 9, whereby the amount of brake opera- 
tion by the driver which is larger than the predetermined 
amount, to stop the vehicle is detected by the brake 
operation detecting means S 4 , or when the driver oper- 
ates the selecting lever 10 to the "P" position. Thus, the 
need for the driver to conduct a special canceling oper- 
ation is eliminated, leading to an enhanced operability. 

A second embodiment of the present invention will 
now be described with reference to Figs. 6A to 6C. 

Although the picture images around the subject 
vehicle made based on the output from the sonar or 
radar, have been projected on the picture surface of the 
operational stage display device 1 1 in the first embodi- 
ment, an image from a television camera mounted on 
the vehicle, as the object detecting means S 6 is pro- 
jected, and the locus of movement of the subject vehicle 
is superimposed onto this image in the second embodi- 
ment. All of the eight sonar or radar detecting means in 
the first embodiment may be replaced by television 
cameras, or one or more of them may be replaced by a 
television camera. Preferably, at least one television 
camera is mounted at each of the front and rear por- 
tions of a vehicle body. During forward movement of the 
vehicle, the image from the television camera mounted 
at the front portion of the vehicle body is projected, and 
during backward movement of the vehicle, the image 
from the television camera mounted at the rear portion 
of the vehicle body is projected, whereby it is possible 
for the driver to further reliably grasp the position of the 
subject vehicle and the surrounding situation. 

Figs. 7 and 8A to 8C illustrate a third embodiment of 
the present invention. Fig. 7 is an illustration of the 
entire arrangement of a vehicle equipped with a front 
and rear wheel steering control system, and Figs. 8A to 
8C are illustrations for explaining the operation. 

In the third embodiment, the present invention is 
applied to a front and rear wheel-steered vehicle in 
which front wheels Wf, Wf and rear wheels Wr, Wr are 
steerable, and which includes a steering actuator T for 
the rear wheels Wr, Wr in addition to the steering actu- 
ator 7 for the front wheels Wf, Wf. 

When the front wheels Wf, Wf and the rear wheels 
Wr, Wr are independently steered, reference steering 
angles 9ref for the front wheels Wf, Wf and the rear 
wheels Wr, Wr are previously stored in the memory sec- 
tion 23, and the control section 22 controls the opera- 
tions of both the steering actuators 7 and 7\ so that the 
steering angles 0 of the front wheels Wf, Wf and the rear 
wheels Wr, Wr are equalized to the reference steering 
angles Gref, respectively. 

When the steering angle 6 of the rear wheels Wr, 
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Wr is controlled in proportion to the steering angle 0 of 
the front wheels Wf, Wf, only the reference steering 
angle Oref for the front wheels Wf, Wf is previously 
stored in the memory section 23, and the control section 
22 controls the operation of the steering actuator 7, so 5 
that the steering angle 6 of the front wheels Wf, Wf is 
equalized to the reference steering angle 0ref, and the 
control section 22 controls the operation of the steering 
actuator 7\ so that the steering angle e of the rear 
wheels Wr, Wr is equalized to a value proportional to the 10 
reference steering angle Oref. 

As also shown in Figs. 2 to 5, a space required 
when the front wheel-steered vehicle in the first embod- 
iment is parked in the back parking/left mode is a space 
shown by drawing oblique lines in Fig. 8A. A space is 
required when the front and rear wheel-steered vehicle 
in the third embodiment is parked in the back park- 
ing/left mode is a small space shown by drawing oblique 
lines in Fig. 8C. This is closely allied to a minimum 
space with the areas shown by a and b in Fig. 8B being 20 
reduced as much as possible. 

In the third embodiment, a selecting means such as 
a switch may be provided in the vicinity of a driver's 
seat, so that the driver can select a front wheel steering 
mode or a front and rear wheel steering mode, or the 25 
size of a parking space may be determined based on 
the result of detection by the object detecting means S 6 , 
thereby selecting a front wheel steering mode or a front 
and rear wheel steering mode. 

A fourth embodiment of the present invention will 30 
now be described with reference to Figs. 9 to 16B. 

As can be seen by comparison of Fig. 9 with Fig. 1, 
a vehicle V in the fourth embodiment includes a correct- 
ing section 25 connected to the memory section 23 and 
the determining section 24. When there is a possibility 35 
of contact of the vehicle with an obstacle during an auto- 
matic parking control, the correcting section 25 corrects 
data for a parking mode stored in the memory section 
23 to avoid the contact of the vehicle with the obstacle. 

The contents of an automatic parking control will be 40 
described with the back parking/left mode (the mode in 
which the parking is conducted while the vehicle is 
being moved backwards to a parking position lying on 
the left side of the vehicle) taken as an example. 

First, in a state in which the vehicle has been 45 
moved near a garage where the vehicle is to be parked, 
so that left side of the vehicle body has been located as 
close as possible to the inlet line of the garage, as 
shown in Fig. 10, the vehicle is stopped at a position (a 
start position) at which a predetermined reference point so 
(e.g., a left sideview mirror) is matched with a center line 
of the garage. When the mode selecting switch S 7 is 
operated to select the back parking/left mode and the 
automatic parking start switch S 8 is turned ON, the 
automatic parking control is started. While the auto- 55 
matic parking control is being performed, the current 
position of the subject vehicle, a surrounding obstacle, 
the parking position, a presumed locus of movement of 



the subject vehicle from the start position to the parking 
position, the shifting position for the switch-over from 
the forward movement to the backward movement and 
the like are indicated on the operational stage display 
device 1 1 , and in addition to this, various instructions 
and warnings are emitted by voice from the speaker to 
the driver. 

In stopping the vehicle at the start position to start 
the automatic parking control, the position at which the 
vehicle is actually stopped may be deviated from the 
desired start position in some cases. In such a case, the 
vehicle which was to be moved through a locus of move- 
ment shown by the solid line in Fig. 1 0 to reach the park- 
ing position by the automatic parking control, is actually 
moved through a locus of movement shown by a 
dashed line in Fig. 10 due to the deviation of the start 
position, and the final parking position is deviated from 
the target parking position. The optimal parking position 
is varied depending upon the surrounding situation 
around the parking position (depending upon the fact 
that there are other vehicles parked on left and right 
opposite sides, or that there is another vehicle parked 
on either left or right side, or that there is no other vehi- 
cle parked on left and right opposite sides). Therefore, 
in the present invention, an optimal parking position Ro 
is determined based on the surrounding situation 
(mainly, a wall or another vehicle or the like, when the 
object detecting means S 6 are sonar or radar, or mainly, 
a white line or the like, when the object detecting means 
S 6 are the television cameras) detected by the object 
detecting means S 6 , when the vehicle is stopped at the 
start position. 

Figs. 12A and 12B are illustrations for explaining a 
technique for determining the optimal parking position 
Ro in the back parking/left mode. Fig. 12A shows a case 
where there are other vehicles as obstacles on left and 
right opposite sides of the parking position. In this case, 
the optimal parking position Ro is established so that it 
is located at the center of a distance L between the left 
and right other vehicles, i.e.. so that the center line of 
the vehicle body is located at a point spaced at a dis- 
tance a = L/2 apart from the left and right other vehicles. 
If the distance L is smaller than the spacing in which the 
subject vehicle can be parked, then the determining 
section 24 determines that there is an obstacle existing 
on the locus of movement of the subject vehicle, and the 
driver is informed by the picture image and the voice 
from the operational stage display device 1 1 . 

Fig. 1 2B shows a case where there is another vehi- 
cle on the right side of the parking position. In this case, 
in order to ensure enough space to open a right door of 
the parked subject vehicle, an optimal parking position 
Ro is established at a location where a distance A for 
opening and closing the door can be ensured between 
the right side of the subject vehicle and the left side of 
the other vehicle. Therefore, if the vehicle width is repre- 
sented by B, the optimal parking position Ro is estab- 
lished so that the distance a between the center line of 
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the vehicle body and the other vehicle is equal to A + 
B/2, when the vehicle is in the optimal parking position 

Ro. 

When there is another vehicle existing on the left 
side of the parking position, an optimal parking position 
Ro is established at a location so that the distance a 
between the center line of the vehicle body and the 
other vehicle is equal to A + B/2 to ensure enough 
space to open a right door of the other vehicle in order 
to ensure a distance A between the left side of the sub- 
ject vehicle and the right side of the other vehicle. Fur- 
ther, when there is no obstacle on the left and right 
opposite sides of the parking position, the establish- 
ment of an optimal parking position Ro is not carried 
out, and a parking position R presumed from the start 
position is employed directly as an optimal parking posi- 
tion Ro. 

The optimal parking positions Ro in Figs. 12A and 
12B are established at the center of the left and right 
white lines of the parking position, when the object 
detecting means S 6 is sonar or radar and when the 
object detecting means Se is the television camera. 
When the left and right white lines cannot be detected, 
the establishment of an optimal parking position Ro is 
not carried out, and a parking position P presumed from 
the start position, is employed directly as an optimal 
parking position Ro. 

When the optimal parking position Ro has been 
established in the above manner, an optimal locus of 
movement can be determined by superimposing a ter- 
minal end of the locus of movement onto the optimal 
parking position Ro. In Fig. 10, a dashed line indicates a 
locus of movement when the vehicle is started from an 
actual start position; and a solid line indicates an opti- 
mal locus of movement, if the automatic parking control 
is carried out from the actual start position P, the vehicle 
is moved, while describing the locus of movement 
shown by the dashed line, to reach a shifting position Q, 
and moved therefrom through the locus of movement 
shown by dashed line to reach the parking position R. 
However, if the vehicle started from the start position P 
can be guided to an optimal shifting position Qo on the 
optimal locus of movement shown by the solid line 
rather than to the shifting position Q on the locus of 
movement shown by the dashed line, the vehicle can 
reach the optimal parking position Ro through the opti- 
mal locus of movement shown by the solid line. 

Therefore, in the present invention, while the vehi- 
cle is being moved from the start position P to the shift- 
ing position Q, as shown in Fig. 11, the locus of 
movement is corrected to ensure that the vehicle is 
guided to the optimal shifting position Qo. Specifically, 
the correcting section 25 corrects the data of the locus 
of movement outputted by the memory section 23 
based on the command from the determining section 
24. Thus, even if the start position P of the vehicle is 
deviated from the optimal start position Po, or even if the 
situation of the obstacle around the parking position is 



varied, appropriate automatic parking control can 
always be performed. 

For example, if the locus of movement from the opti- 
mal shifting position Qo to the optimal parking position 

5 Ro slightly interferes with an obstacle, the correcting 
section 25 corrects the locus of movement of the vehicle 
based on the command from the determining section 24 
to enable the parking of the vehicle. Fig. 13 illustrates 
one example of such case, wherein the locus of move- 

10 ment is corrected as shown by a dashed line to avoid 
the contact of the left rear portion of the vehicle with the 
obstacle, by the automatic parking control when the 
vehicle is being moved backward. 

The operation when the linear parking is to be car- 

15 ried out in the linear parking/left mode will be described 
below. 

To carry out the parking of the vehicle in the linear 
parking/left mode in the presence of obstacles in front 
and in rear of the parking position, as shown in Fig. 14, 

20 the vehicle is stopped at the start position P on the right 
side of the parking position to start the automatic park- 
ing control. The vehicle is moved forward to the shifting 
position Q and then backwards to the parking position 
R, thereby completing the parking. In this case, an opti- 

25 mal parking position Ro is determined based on the sur- 
rounding situation detected by the object detecting 
means S 6 at the start position P, and an optimal shifting 
position Qo is determined by an inverse calculation from 
the optimal parking position Ro and the locus of move- 

30 ment. If the optimal shifting position Qo is deviated from 
the intrinsic shifting position Q, the correcting section 25 
corrects the locus of movement of the vehicle based on 
the command from the determining section 24, as 
shown in Fig. 15, to guide the vehicle from the start 

35 position P to the optimal shifting position Qo to park the 
vehicle, whereby the vehicle can be parked at the opti- 
mal parking position Ro through a subsequent back- 
ward movement. 

A technique for determining an optimal parking 

40 position Ro when linear parking of the vehicle is to be 
carried out in the linear parking/left mode will be 
described below with reference to Figs. 16A and 16B. 

Fig. 16A shows a situation where there are obsta- 
cles existing in front and in rear of the parking position. 

45 In this case, an optimal parking position Ro is deter- 
mined at a location in which the right side of the subject 
vehicle is in line with a right side of one of the front and 
rear obstacles, which protrudes toward the center of a 
road (i.e., the obstacle in rear of the subject vehicle in 

so Fig. 16A), and the subject vehicle is located centrally 
between the front and rear obstacles. When the dis- 
tance L between the front and rear obstacles is smaller 
than a required distance, the determining section 24 
determines that automatic parking control is not feasi- 

55 ble. and this is informed to the driver from the opera- 
tional stage display device 1 1 by the picture image and 
the voice. 

Fig. 16B shows a situation where there is an obsta- 
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cle existing only in the rear of the parking position. In 
this case, an optimal parking position Ro is determined 
at a location in which the right side of the vehicle is in 
line with a right side of the obstacle, and in the situation 
where the obstacle is a vehicle, a distance C between a 5 
rear end of the subject vehicle and a front end of the 
obstacle, permitting escape of the vehicle must be 
ensured. When there is an obstacle existing only in front 
of the parking position, an optimal parking position Ro is 
determined at a location in which a distance C between io 
a front end of the subject vehicle and a rear end of the 
obstacle, permitting escape of the subject vehicle to be 
ensured. When there is no obstacle in front or in the rear 
of the parking position, the determination of an optical 
parking position Ro is not carried out, and a parking 15 
position P presumed from the start position is employed 
as an optimal parking position Ro. 

A fifth embodiment of the present invention will now 
be described. 

A vehicle V in the fifth embodiment is switchable 20 
between a two-wheel steered state in which only front 
wheels Wf, Wf can be steered by the steering actuator 
7, and a four-wheel steered state in which both of the 
front wheels Wf, Wf and rear wheels Wr, Wr can be 
steered by the steering actuator 7. The memory section 25 
23 has data for four parking modes previously stored 
therein in correspondence to both of the two-wheel 
steered state and the four-wheel steered state. The 
determining section 24 determines whether the auto- 
matic parking is feasible in the two-wheel steered state, 30 
or the automatic parking is feasible in the four-wheel 
steered state even if the automatic parking is not feasi- 
ble in the two-wheel steered state, depending upon the 
surrounding situation around the parking position 
detected by the object detecting means S 6 . On the 35 
basis of this determination, data for the two-wheel 
steered state or data for the four-wheel steered state 
are selected from the memory section 23. 

Fig. 1 7A shows a situation where in carrying out the 
automatic parking in the back parking/left mode, the 40 
subject vehicle will contact an obstacle in the two-wheel 
steered state because the vehicle is incapable of a 
small sharp turn. In this case, the data for the four-wheel 
steered state is selected based on the determination 
provided by the determining section 24, and the contact 45 
of the vehicle with the obstacle can be avoided by per- 
forming the automatic parking in the four-wheel steered 
state in which the vehicle is capable of a small sharp 
turn as shown in Fig. 1 7B. 

Fig. 1 8A shows a situation where in carrying out the so 
automatic parking in the linear parking/left mode, the 
subject vehicle will contact an obstacle in the two-wheel 
steered state in which the vehicle is incapable of a small 
sharp turn. In this situation, the data for the four-wheel 
steered state is selected based on the determination 55 
provided by the determining section 24, and the contact : 
of the vehicle with the obstacle can be avoided by con- 
ducting the automatic parking in the four-wheel steered 



state in which the vehicle is capable of a small sharp 
turn as shown in Fig. 18B. 

Although the embodiments of the present invention 
have been described in detail, it will be understood that 
the present invention is not limited to the above- 
described embodiments, and various modifications in 
design may be made without departing from the spirit 
and scope of the invention defined in claims. 

An automatic steering system for a vehicle is pro- 
vided which includes a memory section for storing data 
for a steering angle of a wheel with respect to a distance 
of movement of a vehicle in correspondence to four 
parking modes. If a desired parking mode is selected by 
a mode selecting switch and the vehicle is moved at a 
creep while depressing a brake pedal, a control section 
controls the operation of a steering actuator to perform 
automatic parking control. At this time, an object detec- 
tor continuously detects the position of an object around 
or in the vicinity of the subject vehicle, and when there 
is an obstacle already existing within a locus of move- 
ment of the subject vehicle, or when there is a possibility 
that a moving obstacle may enter into the locus of 
movement of the subject vehicle, a warning is provided 
to a driver, and an automatic brake is operated. Thus, it 
is possible to reliably perform the automatic parking 
control when there is an obstacle. 

Claims 

1. An automatic steering system for a vehicle, com- 
prising a steering actuator for steering vehicle 
wheels based upon the steering by a driver, a mem- 
ory means having stored therein a locus of move- 
ment of the vehicle to a target position, a control 
means for switching from control of the steering 
actuator by the operator to control of the steering 
actuator based on the locus of movement stored in 
the memory means, and an object detecting means 
for detecting an object near the vehicle, said auto- 
matic steering system further including a determin- 
ing means coupled to an output of said object 
detecting means, for determining based upon the 
output of said object detecting means, the presence 
of an object within the locus of movement or which 
may become an obstacle which enters into the 
locus of movement, during the controlling of said 
steering actuator based upon the locus of move- 
ment stored in said memory means. 

I. An automatic steering system according to claim 1 , 
wherein said memory means stores the locus of 
movement of said vehicle as a steering angle of the 
wheel with respect to a distance of movement of the 
vehicle. 

L An automatic steering system according to claim 1 
or 2, further including a notifying means for notify- 
ing a driver of the presence of an object, when said 
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determining device determines the presence of an 
object which becomes an obstacle. 

4. An automatic steering system according to claim 1 

or 2, further including an automatic vehicle-stop- s 
ping means for automatically stopping the vehicle 
when said determining means determines the pres- 
ence of an object which becomes an obstacle 
located on the locus of movement. 

10 

5. An automatic steering system according to claim 4, 
wherein said vehicle includes an automatic trans- 
mission, and the operation of said automatic vehi- 
cle-stopping means is canceled by shifting said 
automatic transmission into a parking position. 15 

6. An automatic steering system according to claim 1 
or 2, wherein the steered wheels are front and rear 
wheels. 

20 

7. An automatic steering system according to claim 1 , 
further including a correcting means for correcting 
the locus of movement stored in said memory 
means, when said determining means determines 

the presence of an object which becomes an obsta- 25 
cle in the locus of movement. 

8. An automatic steering system according to claim 7, 
wherein said correcting means corrects the rela- 
tionship of a steering angle of the wheels to a dis- 30 
tance of movement of the vehicle stored in said 
memory means. 

9. An automatic steering system according to claim 7, 
wherein said steered wheels are front and rear 35 
wheels, and said memory means stores a first 
locus of movement when one of the front and rear 
wheels is steered, and a second locus of movement 
when both of the front and rear wheels are steered. 

40 

10. An automatic steering system according to claim 9, 
wherein said first or second locus of movement is 
selected based on the determination in said deter- 
mining means. 
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(57) An automatic steering system for a vehicle is 
provided which includes a memory section for storing 
data for a steering angle of a wheel with respect to a dis- 
tance of movement of a vehicle in correspondence to 
four parking modes. If a desired parking mode is 
selected by a mode selecting switch and the vehicle is 
moved at a creep while depressing a brake pedal, a 
control section controls the operation of a steering actu- 
ator to perform automatic parking control. At this time, 
an object detector continuously detects the position of 
an object around or in the vicinity of the subject vehicle, 
and when there is an obstacle already existing within a 
locus of movement of the subject vehicle, or when there 
is a possibility that a moving obstacle may enter into the 
locus of movement of the subject vehicle, a warning is 
provided to a driver, and an automatic brake is oper- 
ated. Thus, it is possible to reliably perform the auto- 
matic parking control when there is an obstacle. 



FIG.4 



BACK PARKING/LEFT 




FORWARD 
MOVEMENT 



/AN OBSTACLE IS 
> WITHIN LOCUS OIL 
[MOVEMENT 









P 







VOICE : AN OBSTACLE IS WITHIN PRESUMED 
LOCUS OF MOVEMENT 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



BNSDOCID: <EP 0835796A3J. 



EP 0 835 796 A3 



J) 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 11 7502 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (taLCt.6) 



D,A 



D,A 



US 4 931 930 A (CHUANG CHING-WANG ET AL) 
5 June 1990 (1990-06-05) 

* column 2, line 25 - column 9, line 11; 
figures * 

PATENT ABSTRACTS OF JAPAN 

vol. 1995, no. 06, 

31 July 1995 (1995-07-31) 

-& JP 07 081604 A (HONDA MOTOR CO LTD), 

28 March 1995 (1995-03-28) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 016, no. 245 (M-1260), 
4 June 1992 (1992-06-04) 
-& JP 04 055168 A (HITACHI LTD), 
21 February 1992 (1992-02-21) 

* abstract * 

PATENT ABSTRACTS OF JAPAN 

vol. 012, no. 163 (P-703), 

18 May 1988 (1988-05-18) 

4 JP 62 278477 A (MITSUBISHI ELECTRIC 

CORP), 3 December 1987 (1987-12-03) 

* abstract * 



1-4 



B62D1/28 
G05D1/02 



1.3 



TECHNICAL FIELDS 
8£ ARCHED (InLCLS) 



B62D 
G05D 



Trie present search report has been drawn up for all claims 



THE HAGUE 



31 July 2000 



KUL0ZIK, E 



g 

8 



1 



CATEGORY OP CITED DOCUMENTS 

X : particularly recant W tataon afone 

Y : particularly relevant If combined wth another 

document of the same category 
A : technological background 
O • non written dadoeure 
P : Intermedtate document 



T : theory or prtndple undertytng the Invention 
E : earter patent document, but pubftehed on. or 

after the fling date 
D ' document cted In the application 
L r document cried for ether reaeone 

& : member of the eame patent tamty, coneeponcing 
document 



2 



BNSDOCID: <EP 0835796A3_I_> 



EP 0 835 796 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 97 11 7502 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report 
The members are as contained in the European Patent Office EDP ffls on 

The European Patent Office is In no way liable for these particulars which are merely given for the purpose of information. 

31-07-2000 



Patent document 
dted in search report 



Publication 
date 



Patent family 
members) 



Publication 
date 



US 4931930 


A 


05-06-1990 


DE 


3813083 A 


02-11-1989 








FR 


2630075 A 


20-10-1989 


JP 07081604 


A 


28-03-1995 


JP 


2853077 B 


03-02-1999 


JP 04055168 


A 


21-02-1992 


NONE 






OP 62278477 


A 


03-12-1987 


NONE 







For more detail* about this annex : see Official Journal of the European Patent Office, No. 12/82 



THIS PAGE BLANK 



